
∗ † ∗ ∗

∗ †

234



 1

 4

 16

 64

 256

 1024

 4096

 0  10  20  30  40  50  60  70

A
m

ou
nt

Single power outage duration (h)

 1.8
 1.85

 1.9
 1.95

 2
 2.05

 2.1
 2.15

 2.2
 2.25

2014-7-28 2014-11-28 2015-3-28 2015-07-28

Vo
lta

ge
 (v

)

Time

cell in good quality
cell in poor quality

235



ns s ∈ N
N

ns

r ts,ns s
ns t

s s = {ot1s ,ot2s · · ·otis } ti

ωs

Min : I =
∑

s ∈N
Is =

∑

s ∈N

ωs
∑
t ∈T [max(0,ots − r ts,ns )]

Ts,ns

T
Ts,ns

cb
cm,s

s
Call

Min : Call = Cb + Cm

=
∑

s ∈N

nscb +
∑
t ∈T (xts cm,s )

Ts,ns

xts

∀s,nL ≤ ns ≤ nU ,ns ∈ N+

B
Call ≤ B

i
l

k
ski

vkif
{(v1i f , s

1
i ), (v

2
i f , s

2
i ) · · · (vkif , s

k
i )}

dki

dki = ski − sk−1i

236



k = {eki,1, eki,2, · · · eki,m }
i k m

k

ns
dki k ns

s

E
E = { n1

, n2
, · · · nN } N

D
D = {d1,d2, · · ·dN }

E D

t k +1
vt1i f

vtif = vt1i f +
k∑

j=1

(d ji + s j−1i )l + (dk+1
i + ski )(t − kl)

θ
i s

θ k + 1

Ti =
θ −vt1i f −

∑k
j=1(d

j
i + s j−1i )l

dk+1
i + ski

+ kl

ϵ
vti = vtif − ϵ

τ
r ts,ns

Φt
s

r ts,ns = τnsΦ
t
s

B

Gain

Gain =
Is (ns ) − Is (ns + 1)

Cs,all (ns + 1) − Cs,all (ns )
Gain

237



 0

 1

 2

 3

 4

 5

 6

 70  75  80  85  90  95  100

Av
g.

 S
er

vi
ce

 In
te

rr
up

tio
n 

(h
)

Percentage of Original Budget (%)

BatAlloc
Original

 0

 1

 2

 3

 4

 1  2  3  4
 0

 8

 16

 24

 32

 40x103

C
os

t

Se
rv

ic
e 

In
te

rr
up

tio
n 

(h
)

Number of assigned battery groups

Battery Rep. Cost
Emergent Main. Cost

Interruption Time

vP
ωs

B

238



 1.6

 1.7

 1.8

 1.9

 2

 2.1

 0  2  4  6  8  10  12

coup 
de 
fouet 
region

linear region

hyperbolic 
region

Vo
lta

ge
 (v

)

Time (h)

discharging curve

239

http://www.nj.com/news/index.ssf/2010/03/storm_brings_power_outages_roa.html
http://www.nj.com/news/index.ssf/2010/03/storm_brings_power_outages_roa.html
https://github.com/fchollet/keras
http://www.westell.com/assets/MKTG-rA-Powering-Your-Cell-Tower_White-Paper.pdf
http://www.westell.com/assets/MKTG-rA-Powering-Your-Cell-Tower_White-Paper.pdf
http://www.westell.com/assets/MKTG-rA-Powering-Your-Cell-Tower_White-Paper.pdf
http://www.payscale.com/research/CA/Job=Stationary_Engineer/Hourly_Rate
http://www.payscale.com/research/CA/Job=Stationary_Engineer/Hourly_Rate
http://www.payscale.com/research/CA/Job=Stationary_Engineer/Hourly_Rate
http://tensorflow.org/
http://arxiv.org/abs/1605.02688
http://arxiv.org/abs/1605.02688


 1.7
 1.75
 1.8

 1.85
 1.9

 1.95
 2

 2.05
 2.1

 0  1  2  3  4  5  6  7  8  9  10 11 12

Lo
w

es
t d

is
ch

ar
ge

 v
ol

ta
ge

 (v
)

Power outage duration (h)

 0

 10

 20

 30

 40

 50

 60

 70

1 2 3 4

Pe
rc

en
ta

ge
 (%

)

Stations with different numbers of battery groups

Original
BatAlloc

ns s
r ts,ns s t ns

ots
s t

ωs s

Ts,ns
s ns

I
T
N
cb
Cb
xts s

t
cm,s s
Cm
Call
nL
nU
B
vkif i k

ski i k

dki i k
k
i i k
E
D
ϵ
Φt
s

vti i t
vE
vP
τ

vE vP

Φt
s

240



 0

 2

 4

 6

 8

 10

 12

 0  1  2  3  4  5  6  7  8  9

Pe
rc

en
ta

ge
 (%

)

Battery Lifetime (years)

Original
BatAlloc

t Φt
s

vti

Φt
s =

vt −vE
vP −vE

241


	Abstract
	1 Introduction
	2 Background and Data Analysis
	2.1 Base Station Power Supply
	2.2 Backup Battery Activities

	3 BatAlloc Framework
	4 Battery Allocation Solutions
	4.1 Problem Formulation
	4.2 Deep Learning Based Battery Profiling
	4.3 Battery Allocation Algorithm

	5 Evaluation
	5.1 Experiment Setup
	5.2 Experiment Results

	6 Conclusion
	Acknowledgments
	References
	A Appendix
	A.1 Battery Discharge Process
	A.2 Low Voltage Disconnect Strategy
	A.3 Notation of BatAlloc Model
	A.4 State of Charge Estimation
	A.5 Additional Experiment Results


